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Houston. Texas
Incomplete myocardial reperfusion (that is, reperfusion
limited to part of the ischemic zone) can occur because
of segmental release of diffuse coronary spasm, proximal
thrombolysis with persistent distal occlusion or revers-
ible spasm with persistent distal thrombosis. However,
it is unknown whether incomplete reperfusion increases
the risk of ventricular tachycardia and fibrillation (be-
cause of greater dispersion of electrophysiologic prop-
erties) or decreases it (because of the smaller size of the
reperfused zone). Thus, 56 open chest dogs underwent
coronary artery occlusion (mid-left anterior descending
coronary artery) followed 25 minutes later by reperfu-
sion. Dogswere givencompletereperfusion (controldogs:
release of the proximal obstruction with no distal occlu-
sion) or incomplete reperfusion (release of the proximal
obstruction after ligation of the distal artery). Size of
ischemic and reperfused zones was determined by post-
mortem dye perfusion. In control dogs, the ischemiczone
(which coincided with the reperfused zone) was 34 ±
1% (mean ± standard error) of left ventricle; in dogs
Reperfusion of acutely ischemic myocardium is associated
with malignant ventricular arrhythmias in experimental an-
imals (1-8). Considerable attention has been focused on
this phenomenon in recent years because of the possibility
that reperfusion arrhythmias may contribute to sudden death
in patients with coronary artery disease (6) (perhaps sec-
ondary to release of coronary spasm [9] or to lysis of coro-
nary thrombus [10,11]).
All of the animal models used thus far have employed
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with incomplete reperfusion, the ischemiczone was sim-
ilar to that of -control dogs (30 ± 1% of left ventricle,
probability [p] = not significant), whereas the reper-
fused zone was smaller (20 ± 2% of left ventricle, p <
0.001). Coronary collateral flow was similar in the two
groups.
Incomplete reperfusion increased the overall inci-
dence of ventricular tachycardia (18 of 20 versus 20 of
36 in control dogs, p < 0.01), the incidence of "sus-
tained" (2:10 beats) ventricular tachycardia (15 of 20
versus 16 of 36 in control dogs, p < 0.05) and the in-
cidence of ventricular fibrillation (14 of 20 versus 15 of
36, p < 0.05). Thus, despite smaller reperfused zones,
incomplete reperfusion markedly increased both inci-
dence and severity of ventricular arrhythmias, possibly
by enhancement of reentrant circuits. It is concluded
that the risk of malignant arrhythmias on release of
coronary occlusion is significantlyaugmented by the per-
sistence of ischemic myocardium within the reperfused
region.
complete reperfusion, that is, reperfusion involving the en-
tire ischemic region simultaneously. In certain clinical set-
tings, however, myocardial reperfusion might be incom-
plete, that is, limited, at least temporarily, to portions of
the ischemic zone. One such setting could be nonsimulta-
neous release of a spasm involving a long segment of coro-
nary artery. If reversal of the spasm occurred proximally
even a few seconds earlier than distally, reperfusion would
be temporarily incomplete. Incomplete reperfusion may also
occur in other circumstances, such as I) proximal throm-
bolysis (either spontaneous or streptokinase-induced [11])
with persistent distal ischemia due to embolization, spasm
or severe coronary stenosis alone or in combination; and 2)
release of coronary spasm associated with distal thrombotic
occlusion.
The effect of incomplete myocardial reperfusion on ven-
tricular arrhythmias is unknown. Because the size of the
reperfused zone is an important determinant of ventricular
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Figure 1. Schematic diagram of the exposed anterolateral surface of the
heart showmg the technique used to produce mcomplete myocardial re-
perfusion. Proximal occlusion of the left anterior descending coronary
artery (LAD) was produced by a clamp; immediately before release of the
clamp, the left anterior descending coronary artery was occluded distally
by a shoelace tie Release of the proximal occlusion resulted, therefore,
m reperfusion of the proximal portion of the Ischemic zone (sparsely dotted
area), whereas the distal part (nonreperfused zone, densely dotted area)
remained ischerruc, In surviving dogs, the distal ligature was removed
(second reperfusion) either I or 15 minutes later. Lex = left circumflex
coronary artery.
speed of 5 mrn/s. Ventricular tachycardia was defined as a sequence
of three or more consecutive ventricular ectopic depolarizations at
a rate greater than ISO/min. Depending on its duration, ventricular
tachycardia was classified as "nonsustained" « 10 beats) or
"sustained" (2': 10 beats). No attempt was made to resuscitate
dogs that developed ventricular fibrillation during coronary occlu-
sion or reperfusion.
Regional myocardial blood flow. In 25 control dogs and in
16 dogs with incomplete reperfusion, regional myocardial blood
flow was measured 8 to 10 minutes after coronary occlusion with
microspheres labeled with cerium-141. Microspheres (15 ± 3 /-tm
in diameter [mean ± standard deviation]) were obtained from 3M
Company as I mCi of nuclide suspended in 10 ml of 10% dextran
with I drop of Tween 80 (Polysorbate 80) to minimize clumping.
Before injection, the vial containing microspheres was vigorously
agitated on a mechanical mixer for 2 minutes. Approximately I
million spheres were then injected into the left atrium in 3 ml of
saline solution for 10 to 15 seconds; the catheter was flushed with
an additional 10 ml of saline solution. Blood was simultaneously
withdrawn from the aorta with a Harvard pump (Harvard Appa-
ratus) at a constant rate of 3.82 mllmin beginning 15 seconds
before microsphere injection and continuing for 2 minutes after
the end of injection.
Reperfusion. Twenty minutes after coronary artery occlusion,
the surviving animals were assigned to complete (control group,
n = 36) or incomplete (n = 20) reperfusion. Immediately before
release of the proximal occlusion, the left anterior descending
coronary artery was occluded with a shoelace tie at the distal site
fibrillation (12), incomplete reperfusion might be expected
to decrease the likelihood of sudden arrhythmic death by
reducing the amount of myocardium exposed to abrupt res-
toration of flow. However, juxtaposition of three regions
(nonischemic , ischemic and reperfused) with diverse elec-
trophysiologic properties (13-16) might further increase the
incidence of arrhythmias by enhancing reentrant circuits.
The present study was undertaken to evaluate the effects of
incomplete myocardial reperfusion on ventricular arrhyth-
mias in open chest dogs.
Methods
Experimental Preparation
Mongrel dogs of either sex, weighing IS to 31 kg, were sedated
with sodium thiamylal (10 mg/kg body weight intravenously) and
anesthetized 10 minutes later with alpha-chloralose (60 mg/kg
intravenously). Additional doses of alpha-chloralose were given
during the experiment to abolish the corneal reflex. The dogs were
intubated with a cuffed endotracheal tube and ventilated with room
air by a volume respirator. The chest was opened through the left
fifth intercostal space and the heart was suspended in a pericardial
cradle. The left anterior descending coronary artery was isolated
from the surrounding tissues at a proximal site (below the first
major diagonal branch) and at a distal site (above the last diagonal
branch [Fig. I]). A snare was placed around the artery at both
sites. The proximal site of occlusion was chosen to produce isch-
emic zones of uniform size approximating two-thirds of the anterior
surface of the left ventricle. The distal site of occlusion was chosen
to prevent reperfusion to approximately half of the region supplied
by the artery isolated proximally. A Doppler ultrasonic flow probe
was placed around the vessel below the proximal site of occlusion.
Particular care was taken to avoid narrowing or kinking of the
vessel by the probe. A polyethylene catheter was inserted through
the left atrial appendage into the left atrium for pressure mea-
surement and microsphere injection; another catheter was inserted
through the left carotid artery into the aorta for pressure measure-
ment and reference blood sample withdrawal. Both left atrial and
carotid artery catheters were connected to Statham P23Db pressure
transducers. A solid state pressure transducer (Konigsberg, model
P-20) was positioned in the left ventricular cavity through an in-
cision in the ventricular apex. All hemodynamic variables (aortic
pressure, left ventricular pressure, left atrial pressure and coronary
flow) and leads I and III of the electrocardiogram were recorded
continuously throughout the study on an eight channel, direct-
writing oscillograph (Gould Brush System 200).
Experimental Protocol
After instrumentation, the preparation was allowed to stabilize
for approximately 30 minutes. The left anterior descending coro-
nary artery was then occluded with a bulldog clamp at the proximal
site and the distal vessel was left patent (Fig. I). The electrocar-
diogram was recorded throughout the period of ischemia at a paper
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in the incomplete reperfusion group, whereas in control dogs the
distal vessel was left patent (Fig. 1). Twenty-five minutes after
the onset of ischemia, the proximal occlusion was released and
reperfusion of ischemic myocardium occurred. In the group with
incompletereperfusion, the distal occlusion was maintainedso that
only the proximal portion of the ischemic region underwent re-
perfusion (Fig. 1). Reactive hyperemiaoccurring immediatelyafter
release of the clamp was verified in each dog by the Doppler flow
probe measurements. In the six dogs that survived the proximal
release in the incomplete reperfusion group, the distal occlusion
was released either 1 minute (n = 3) or 15 minutes (n = 3) after
the initial release. The electrocardiogram was recorded at a paper
speed of 25 mm/s during the period immediatelyafter the proximal
and the distal release. Surviving animals in both control and in-
complete reperfusion groups were monitored for a total period of
20 minutes after removal of the proximal obstruction and were
then sacrificed by intravenous injection of cadmium chloride.
Myocardial specimens from ischemic and nonischemic
zones. At the end of the experiment, the heart was excised from
the chest. To delineate the ischemic zone, 10 ml of I% brilliant
blue was injected at low pressure into the left anterior descending
artery just below the proximal site of occlusion. To determine the
portion of the ischemic zone that was not reperfused after release
of the proximal occlusion, 5 ml of 0.5% sodium fluorescein was
injected in a similar manner into the left anterior descending artery
just below the distal occlusion. Perfusion of myocardium by this
solution results in a distinct fluorescence under ultraviolet light,
but withoutsubstantialdiscoloration under ordinary light (17). The
heart was cut in 5 to 6 slices in a plane parallel to the atrioven-
tricular groove. The left ventricular portion of each slice was
isolated; the unstained (nonischemic) region was separated from
the region stainedby brilliant blue (ischemic). The ischemicregion
was further divided under ultraviolet light into nonfluorescent and
fluorescent zones: the former was the region reperfused after prox-
imal release, whereas the latter was the region that remained isch-
emic after proximal release and underwent reperfusion only after
distal release. The total weight of each of these regions was
determined.
Four transmural specimens (I to 3 g) were obtained from the
ischemic zone (two from the fluorescent and two from the non-
fluorescent portion) and four from the nonischemic zone (septum
and posterior wall). To avoid admixture of ischemic and nonisch-
emic tissue (18), specimens of ischemic tissue were obtained more
than 1.0 em inside the margins of the stained region. After re-
moving gross epicardial fat and blood vessels, each specimen was
divided into endocardial and epicardial halves, placed in pre-
weighed plastic tubes and weighed. The radioactivityof each spec-
imen and that of the reference blood samples was measured with
a sodium iodide crystal well counter (model 1185, Tracor Analytic
Company) and a 1,000 channel pulse height analyzer (Ultima II,
Norlund Corporation). Blood flow was calculated by standard
methods (19) using a computer program (Norlund Corporation),
and expressed as mllmin per g.
Statistical analysis. All measured variables are reported as
mean ± standard error. Comparisons of means were performed
with the two-tailed Student's t test for unpaired data. Incidence of
arrhythmiaswas analyzed by chi-square test. Probability(p) values
less than 0.05 were considered significant.
Results
Dogs undergoing incomplete reperfusion were compared
with dogs subjected to complete reperfusion of the ischemic
zone. The latter group is designated the control group in
this report. Of the 74 dogs that underwent coronary artery
occlusion, 18 (24%) developed ventricular fibrillation dur-
ing the period of occlusion and were excluded from the rest
of the study. Therefore, all the results reported in this sec-
tion, as well as those presented in Figures 2 and 3 and in
Table 1, were obtained in the 56 dogs that survived coronary
occlusion. Of these 56, 20 underwent incomplete reperfu-
sion and 36 served as controls.
Hemodynamics. Hemodynamic variables in the control
and in the incomplete reperfusion groups are illustrated in
Figure 2. Heart rate (Fig. 2A), mean aortic pressure (Fig.
2B) and mean left atrial pressure (Fig. 2C) were not sig-
nificantly different between the two groups throughout coro-
nary artery occlusion and reperfusion.
Size of ischemic and reperfused zones. The size of the
initial ischemic zone was not statistically different between
control and incomplete reperfusion groups (34 ± 1 and 30
± 1% of left ventricular weight, respectively). In the group
with incomplete reperfusion, 62 ± 2% of the initial isch-
emic zone was reperfused after release of the proximal oc-
clusion; however, in control dogs the entire ischemic region
was reperfused. As a result, the amount of myocardium
reperfused after release of proximal coronary occlusion was
larger in the control group than in the incomplete reperfusion
group (34 ± 1 and 20 ± 2% of left ventricular weight,
respectively, p < 0.001).
Regional myocardial blood flow. Regional myocardial
blood flow during coronary occlusion was not statistically
different between the two groups, in either the nonischemic
or ischemic zone. In the non ischemic zone, endocardial,
epicardial and transmural blood flows were 1.37 ± 0.06,
1.23 ± 0.05 and 1.30 ± 0.05 mil min per g, respectively,
in the control group (n = 25); the corresponding values for
the incomplete reperfusion group (n = 16) were 1.39 ±
0.08, 1.23 ± 0.06 and 1.31 ± 0.07 mllmin per g, re-
spectively. In the ischemic zone, endocardial, epicardial and
transmural blood flows averaged 0.08 ± 0.01,0.15 ± 0.02,
and 0.11 ± 0.02 mllmin per g, respectively, in control
animals; the corresponding values for dogs undergoing in-
complete reperfusion were 0.09 ± 0.01,0.14 ± 0.02 and
0.11 ± 0.02 ml/min per g, respectively.
Arrhythmias during coronary artery occlusion. The
percent of dogs with "frequent" (2::5/min) ventricular ec-
topic beats during coronary occlusion was similar in control
(13 [36%] of 36) and incomplete reperfusion (7 [35%] of
20) groups. The overall incidence of ventricular tachycardia
was also similar in control (12 [33%] of 36) and in incom-
plete reperfusion (7 [35%] of 20) groups. Even when epi-
sodes of ventricular tachycardia were analyzed according to
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Figure 2. Heart rate (A), mean aortic pressure (B) and
mean left atrial pressure (C) in control and Incomplete
reperfusion groups. Numbers in parentheses indicate the
number of dogs surviving reperfusion arrhythmias and
therefore included In the analysis 5 minutes after occlusion
release. No significant difference was observed between
the two groups throughout coronary artery occlusion and
5 minutes after reperfusion. Vertical bars represent I
standard error.
(21)
25 302015105o-5
8
6
4
olL......I..-_L.----L._.....L-_L.----L._.....L-_.L.--.J
-10
TIME (minutes)..
OCCLUSION
..-
REPERFUSION
their duration ("nonsustained," < 10 beats or "sustained"
~ 10 beats), the incidence of either type of ventricular
tachycardia was still similar in the two groups. Nonsustained
ventricular tachycardia occurred in 11 (31%) of 36 control
dogs and in 7 (35%) of 20 dogs with incomplete reperfusion;
sustained ventricular tachycardia developed in 6 (17%) of
36 control dogs and in 3 (15%) of 20 with incomplete
reperfusion. Thus, incidence and severity of arrhythmias
during coronary artery occlusion were comparable in the
two groups.
Arrhythmias during coronary artery reperfusion. All
reperfusion arrhythmias occurred within 1 minute after prox-
imal or distal release. Arrhythmias occurring after release
of proximal coronary occlusion are presented in Figure 3
and Table 1. The overall incidence of ventricular tachycardia
was significantly greater (p < 0.01) in the incomplete re-
perfusion group (Fig. 3A). This difference was accounted
for by a higher incidence (p < 0.05) of sustained episodes
of ventricular tachycardia (Fig. 3C), whereas nonsustained
episodes were not significantly different between control
and incomplete reperfusion groups (Fig. 3B). Therefore,
incomplete reperfusion selectively enhanced the likelihood
of sustained ventricular tachycardia. Furthermore, incom-
plete reperfusion increased the incidence of ventricular fi-
brillation (p < 0.05, Fig. 3).
A distal coronary occlusion was present only in the in-
complete reperfusion group. Arrhythmias occurring in these
dogs after release of distal occlusion are illustrated in Table
I. Because no attempt was made to resuscitate dogs that
sustained ventricular fibrillation after release of proximal
occlusion, only six animals underwent distal release. Of
these, three were reperfused I minute and three 15 minutes
after proximal release. The total incidence of ventricular
tachycardia after release of the distal occlusion was not
statistically different from that observed after proximal re-
lease. The incidence of ventricular fibrillation, however,
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Figure 3. Incidence of ventncular tachycardia and ventricular fibrillation
after release of proximal coronary artery occlusion In control and incom-
plete reperfusion groups. A, overall incidence of ventricular tachycardia;
B, incidence of nonsustained « 10 beats) ventricular tachycardia; C,
incidence of sustained (~ 10 beats) ventricular tachycardia. Incomplete
reperfusion markedly increased the overall incidence of ventricular tachy-
cardia (because of a selective Increase in the incidence of sustained ven-
tricular tachycardia), as well as the incidence of ventricular fibnllation.
were also monitored for 20 minutes after initial reperfusion
(during this period they underwent release of distal obstruc-
tion). Table 1 compares the cumulative incidence of ar-
rhythmias in the two groups during the first 20 minute s after
proximal release. As described previousl y, addition al ar-
rhythmias were induced by the second release in the incom-
plete reperfusion group. In contrast, no further arrhythm ic
events were observed in the control group after the first
minute of reperfusion. When all arrhythmias developin g
within the first 20 minutes of reperfu sion were considered ,
the difference between the two groups became even more
striking than that observed after the initial release.
Correlation between arrhythmias during coronary
occlusion and arrhythmias after coronary reperfu-
sion. In the control group , tachyarrhythmias induced by
acute myocardial ischemia correlated with those caused by
subsequent reperfusion. Ventricular tachycardia or fibril-
lation , or both , developed at reperfusion in 12 (86%) of 14
dogs with frequent (2: 5/min) ventricular ectopic beats or
ventricular tachycardia, or both, during antecedent occlu-
sion and in only 8 (36%) of 22 dogs without such arrhyth-
mias (p < 0.0 1).
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was lower (p < 0.05) after distal than after proximal release.
When the incidence of arrhythmias associat ed with the first
and the second reperfu sion was compared, the probabi lity
of ventricular tachycardia appeared to be similar, although
ventricular fibrillation appeared more likely to develop after
the initial reperfusion.
Control dogs that survived release of proximal obstruc-
tion were monitored f or 20 minutes aft er reperfusion . Dogs
with incomple te reperfu sion that survived proximal release
Discussion
The purpose of this study was to compare ventricular
arrhythmias occurring during incomplete myocardial reper-
fusion (that is, reperfu sion limited , at least temporarily, to
a portion of the ischemic zone) with those associated with
complete reperfusion (reperfusion involving the entire isch-
emic region simultaneously). Complete reperfusion was
produced simply by releasing a proximal coronary occlu-
Table 1. Incidence of Arrh ythmias After Release of Proximal and of Distal Coronary Occlusion
VT (overall) VT < 10 beats VT 2: 10 beats VF
C IR C IR C IR C IR
A. Incidence After Proximal Release
20 of 36 18 of 20t 12 of 36 6 of 20 16 of 36 15 of 20* 15 0f36 14 of 20*
B. Incidence After Distal Release
I minute after proximal 2 of 3 10f3 I of 3 oof 3
release
15 mmutes after 2 of 3 oof 3 2 of 3 I of 3
proximal release
Total incidence after 4 of 6 I of 6 3 of 6 1 of 6t
distal release
C. Cumulative Incidence During First 20 Minutes After Proximal Release
20 of 36 19 of 20t 12 of 36 7 of 20 16 of 36 15 of 20* 15 of 36 15 of 20*
(56%) (95%) (33%) (35%) (44%) (75%) (42%) (75%)
*p<0.05 versus control, t p<O 01 versus control; :j:p< O05 versus proximal release in the incomplete reperfusion group. In the incomplete reperfusion group. the cumulative
incidence of arrhythmias does not correspond to the sum of the incidences after proximal and distal release because some dogs deve loped arrhythmias followmg both releases
C = control; IR = incomplete reperfusron, VF = ventn cular fibnllation, VT = ventncul ar tachycardia; VT < 10 beats = ventricular tachycardia lasung less than 10
beats (nonsustamed), VT 2: 10 beats = ventn cular tachycardia lasnng 10 beats or more (sustained).
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sion. Incomplete reperfusion was obtained by releasing a
proximal coronary occlusion in the presence of a distal ob-
struction in the same vessel.
Exacerbation of ventricular arrhythmias during in-
complete reperfusion. Our results demonstrate that incom-
plete reperfusion exacerbates both incidence and severity of
ventricular arrhythmias. The dogs subjected to incomplete
reperfusion exhibited a markedly greater incidence of ven-
tricular tachycardia and ventricular fibrillation than the con-
trol dogs . Moreover, incomplete reperfusion predisposed to
prolonged ventricular tachycard ia, as indicated by the higher
incidence of episodes of 10 beats or more. Prolonged epi-
sodes of ventricular tachycardia have more serious hemo-
dynamic implications and a greater likelihood of degener-
ating into ventricular fibrillation , and therefore represent a
more severe arrhythmia (20). The difference between dogs
in the control and incomplete reperfusion groups was even
more striking when the incidence of arrhythmias occurring
after proximal and distal release in the latter group was
cumulated (Table I).
In this study we quantified variables, such as size of the
reperfused zone and coronary collateral blood flow, which
have a major impact on the likelihood of arrhythmias during
myocardial reperfusion (12). As expected , the size of the
reperfused zone was significantly smaller in the group with
incomplete reperfusion . Because the probability of ventric-
ular fibrillation increases with the amount of reperfused
myocardium (12) , the effect of such a difference, if any,
would have been to protect the group with incomplete re-
perfusion from sudden arrhythmic death. Coronary collat-
eral blood flow was similar in the two groups. Consequently,
the exacerbation of arrhythmias observed with incomplete
reperfusion cannot be ascribed to differences in the mass of
reperfused tissue or in the adequacy of coronary collateral
function.
Predictive role of ventricular tachyarrhythmias dur-
ing acute myocardial ischemia. The conclusion that such
exacerbation of arrhythmias was not caused by inequalities
between the two groups before reperfusion is further cor-
roborated by the data on arrhythmias during coronary oc-
clusion. Frequent (~5/min) ventricular ectopic beats and
ventricular tachycardia occurring during acute myocardial
ischemia have been reported to correlate with tachyarrhyth-
mias induced by subsequent reperfusion (7,8). This corre-
lation was also observed in our control group . These findings
indicate that tachyarrhythmias observed during myocardial
ischemia are a predictive marker for the occurrence of
tachyarrhythmias at the time of reperfusion (7,8). The in-
cidence of frequent ventricular ectopic beats and ventricular
tachycardia during coronary occlusion was similar in our
control and incomplete reperfusion groups. These results,
along with the data on the size of the reperfused zone and
on collateral blood flow, suggest that dogs undergoing in-
complete reperfusion would not have been more likely to
develop arrhythmias if modalities of occlusion release had
been the same as in control dogs. Accordingly, the differ-
ence in ventricular tachycardia and fibrillation observed be-
tween the two groups appears to have been caused by in-
complete reperfusion rather than by random differences in
variables that affect reperfusion arrhythmias.
First versus second reperfusion. In the dogs with in-
complete reperfusion that survived release of the proximal
occlusion, the distal ligature was released after an interval
of either I or 15 minutes. Even though this second reper-
fusion caused additional arrhythmias, the incidence of ven-
tricular fibrillation was considerably lower (p < 0.05) than
after the first reperfusion (Table I). These data seem to
suggest that when myocardial reperfusion occurs nonsi-
multaneously, the highest risk of sudden arrhythmic death
may be associated with the initial return of flow. However,
a systematic investigation analyzing various intervals be-
tween first and second reperfusion in a large number of dogs
is necessary to achieve definitive conclusions.
Mechanisms of ventricular arrhythmias. The mech-
anism by which incomplete reperfusion exacerbates ven-
tricular arrhythmias is uncertain . Even though reperfusion
arrhythmias have been considered a manifestation of en-
hanced automaticity (6,16) , there is no obvious reason to
suspect that incomplete reperfusion would favor automatic
foci. Reentrant circuits are more likely to be involved. Acute
myocardial ischemia shortens effective refractory period and
prolongs conduction time (14-16,21-23). Abrupt reperfu-
sion shortens refractoriness even further (14 ,15) and accel-
erates conduction to supernormal values within I to 2 min-
utes of occlusion release (15). It seems reasonable to
hypothesize that coexistence of three contiguous regions
(nonischemic, ischemic and reperfused) with diverse elec-
trophysiologic properties could predispose to reentrant ar-
rhythmias. Further investigation will be necessary to con-
firm this speculation.
Clinical implications. Extrapolation of our experimen-
tal data to the clinical setting must be done with extreme
caution for several reasons . First , our reperfusion model
does not resemble all instances of clinical reperfusion . For
example , lysis of thrombi by intracoronary streptokinase is
usually gradual and a fixed stenosis frequently persists (II) .
In our study, reperfusion was sudden and involved a normal
vessel, resulting in marked reactive hyperemia. These dif-
ferences might explain why the incidence of ventricular
fibrillation after streptokinase thrombolysis seems to be lower
(11,24,25 ) than that observed in our experimental control
group. Our model may more closely resemble release of
coronary spasm or recanalization by angioplasty (26,27).
Second, the exact distribution of initial reflow to different
parts of the ischemic region in human beings is unknown .
Nevertheless, there are clinical situations in which islands
of ischemic tissue are likely to persist within the reperfused
zone, at least during the initial few seconds after regression
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of coronary occlusion. Examples of such settings might be
nonsimultaneous release of coronary spasm, coexistence of
spasm and thrombosis at different levels of the same vessel
and proximal thrombolysis (spontaneous or induced by
streptokinase [11] with or without angioplasty [26,27]) in
the face of a persistent distal occlusion (due to spasm or
embolization, or both). Our model of incomplete reperfu-
sion may be more relevant to these situations than the tra-
ditionally employed model of complete reperfusion. Our
results suggest that patients undergoing abrupt myocardial
reperfusion might be at different risk for sudden death,
depending on the development of flow gradients within the
region of distribution of the recanalized artery. Accordingly,
the aforementioned settings that predispose to incomplete
myocardial reperfusion may carry a higher risk of fatal ar-
rhythmias and thus may warrant implementation of specific
measures.
The present investigation also provides a new model for
studies on reperfusion arrhythmias. The mechanisms re-
sponsible for rhythm disorders may differ substantially in
complete and incomplete reperfusion, as discussed previ-
ously. Comparative analyses of electrophysiologic changes
induced by these two types of reperfusion might provide
further insight into the mechanisms of arrhythmias associ-
ated with either type. Furthermore, the high yield of ven-
tricular tachycardia (95%) and ventricular fibrillation (75%)
makes our model of incomplete reperfusion convenient for
electrophysiologic studies, as well as for assessment of an-
tiarrhythmic agents.
In summary, this study demonstrates that reperfusion lim-
ited to part of the ischemic myocardium carries a substan-
tially greater risk of malignant arrhythmias than does reflow
occurring simultaneously throughout the ischemic region.
Such effect is possibly due to extreme dispersion of refrac-
toriness and conduction time among nonischemic, ischemic
and reperfused muscle and to the consequent enhancement
of reentrant circuits. These results may improve our un-
derstanding of mechanisms of clinical sudden death and help
identify subgroups of patients at high risk for this cata-
strophic event. Moreover, we present a new model that may
be useful for investigations on the electrophysiologic basis
of reperfusion arrhythmias and on the efficacy of antiar-
rhythmic drugs.
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